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Desertification is a problem occurring in arid and semiarid
zones all over the world. It is a consequence of mismanagement of the
land. Human activities and livestock pressure on such fragile
ecosystems lead to a deterioration of the soil by increasing its
salinity, lessening its moisture, and covering it with sand and dust.
Aerial photographs and satellite images constitute a tool for mapping
and monitoring the desertification process. Multispectral data can
assist in detecting the indicators of desertification in early stages
in order to plan adequate action.
The improvement of the resolution of satellite images and the
fact that they are available on a periodic basis make the use of
these data suitable for mapping the evolution of desert patches at
large scales. The green band of Landsat MSS is used in this study.
Two images taken, respectively, in 1976 and 1985 and covering
the province of Ouarzazate in southern Morocco are used to map the
desertification process and its evolution in the region. At the scale
used and given the ground resolution of the MSS (80 meters),
significant changes were found between the two images. However,
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changes occurring at scale smaller tnan 80 meter square were




The Problem: Desertification and Its Importance 
The phenomenon of desertification has been observed throughout
all human history and in various parts of the world. The term
however, has only been used for the past few years and has not a
rigorous definition. The United Nations Environmental Programme
defines desertification as
"The diminution or destruction of the biological
potential of the land, Ewhichj can lead ultimately
desert-like conditions. It is an aspect of the wide
spread deterioration of ecosystems, and has dimini-
shed or destroyed the biological potential...
for multiple use purposes at a time when increased
productivity is to support growing populations in
quest of development.
...In general, the quest for even greater produc-
tivity has intensified exploitation and has carried
disturbance by man into less productive and more
fragile lands. Over exploitation gives rise to
degradation of vegetation, soil, and water...
Desertification is a selt-accelerating process,
feeding on itself, and as it advances, rehabilita-
tion costs rise exponentially." (Reining, 1978)
This definition implies that desertification is the product of
human activities as well as environmental conditions, and these
activities may reintorce each other. While it relates to the
measurable components of desertification, it does not provide any
information about its causes, the processes, and its human
consequences. Desertification develops from the interaction between a
1
particular arid environment and man's use and occupation of this
environment. Unlike drought, which is a diminution of the necessary
moisture and water over a relatively short period of time, the
process of desertification extends over a long period of time. This
process involves degradation of vegetative cover, erosion of the
soil, dune and sand encroachment, and in irrigated areas,
salinization and waterlogging. Arid environments may have the
capability of recovering from the effects of drought, but not from
the effects of other factors such as the erosion of topsoil by
misuse. It is important to distinguish between the effects of drought
alone, and those of desertification. The fluctuations relative to
drought affect merely the process of desertification and accelerate
its chronic and destructive conditions.
Generally desertification develops within or near arid and
semiarid zones. It usually breaks out after a time of drought stress
in areas that are naturally vulnerable and were subjected to severe
disturbances by man. However, if man is one of the instruments of
desertification, the process should not be exclusively studied from
the human side. Human activities that may have less impact in other
environments, where restoration is easily reached, may in arid and
semiarid zones have drastic consequences with desertification as a
common result.
Desertification threatens all the driest regions of the world,
which represent one-fifth of the land area of the earth (El Baz,
1984), and currently affects more than 600 million people. (Reining,
1978).
International cooperation relative to desertification began in
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L,77 oafter the Sahelian drought) when the United Nations C;eneral
Assembly held the first internatonal conference on desertification in
Nairobi, Kenya. The main objective of the conference was to bring
together scientists and researchers from different oackgrounds in
order to contribute to the knowledge of desertification and define
its parameters. Since then, research and actions have been divided
into three subfields: locating, assessing, and monitoring changes in
the landscape (Walker and Robinove, 1981).
Purpose of the Study 
The purpose of the thesis is to show the capability of mapping
and monitoring desertification using remotely sensed data. The study
is based on visual interpretation of Landsat images covering the
region of Ouarzazate. The band used is the green band of Landsat MSS
(J.4 to 0.5 micrometer). Two images of the area , one taken in 1976
and the other in 1985, are used to show the desertification on each
of these dates and its evolution during this period.
Visual interpretation of the raw data results in the production
of a desert map for each year. A comparison of the two maps gives
another map showing the changes related to desertification in the




Although the use of remotely sensed data in the study of
desertification is relatively recent, a substantial bibliography on
the subject exists and also reflects how well the parameters or
indicators of desertification are known. Three types of indicators
are now recognized: physical, agricultural ,and social (Walker and
Robinove, 1931). Remote sensing techniques were used to study all
three types and proved to be very valuable. Studies range from visual
interpretation of images or photographs, to more sophisticated
digital processing. Both methodologies use multispectral as well as
multitemporal analysis in order to locate, monitor and/or assess
areas subject to desertification. Data taken from aircraft allow
large scale studies, while those taken from spacecraft permit one to
work on a relatively small scale. However, recent sensors used with
the last Landsat satellites (Landsat 4 and 5) and the French
satellite SPOT (Satellite Probatoire d'Observation de la Terre) have
a ground resolution area ranging from 10 meters (SPOT) to 30 meters
(Thematic Mapper) on a side. This improvement of the ground
resolution opens new horizons for the use of satellite data, which
not only give synoptic views of a given area, but the conditions of
the same area are recorded repetitively (temporal resolution).
4
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Geographers have been concerned with desertification since the
early decades of tnis century, as shown by the substantial literature
existing on the subject. Geographers were among the scientists who
prepared the United Nations Conference on desertification, and have
been particularily active since then. The periodical Economic
Geography reserved one issue to the phenomenon (Johnson, 1977).
Curiously, few of the contributors used remote sensing techniques to
study desertification in particular, or any other geographic subject.
In 1980 Estes, Jensen, and Simonett examined the impact of
remote sensing on geography (Estes et al., 1980). Their conclusion
was that geographers are not yet aware of the power of this technique
which provides them with a significant improvement in the quality as
well as the quantity of the data.
El Baz (1984) pointed out that space photographs and images
provide a new tool to study arid lands and desert features,
considering that this basic information is lacking on these regions.
Studies dealing with desertification show that the use of
aerial photographs and multispectral images is very helpful. Some of
these studies use aerial photographs, other use orbital photographs,
and most of them use multispectral images, especially Landsat data.
Though they differ in accuracy, digital processing and visual
interpretation of the data have both been successfully used.
One of the early studies of desertification involving remote
sensing techniques was done by Pesce Angelo in 1968. He used Gemini
photographs to trace sand dunes migration and to recognize hydrologic
systems in southern Lybia. Colwell and Carneggie (1971) have
discussed the use of remote sensibg data from aircraft or spacecraft
6
tor resource surveys in arid regions. Tney snow that these techniques
are especially applicable to arid regions because of tneir relatively
cloud-free sky and conclude that a combination of spacecratt data,
aircraft data, and ground data offers the pest technique for
information extraction.
Sand is tne surface material most often used in the study of
desertification. Many studies used remote sensing data to focus on
recognizing sand formations and movements. Landsat data are used in
controlling sand migration McKee, 1974). Skylab pnotographs have
been used to study regional patterns of eolian sand deposits in order
to monitor dune movements and depict future sand depositions (McKee,
et.al., 1977). Meteosat data have been utilized to recognize general
sano movement patterns and dune accumulation El Baz, 1980).
Another indicator, vegetative cover is easily recognizable with
remote sensing techniques and can help monitor the desertification
process. Simonett (1975) showed the possibilities witn Landsat images
in mapping dune types and associated environments, plant cover, wind
damage and sand movement in arid regions. Landsat images acquired
during different years are used to detect changes in vegetation cover
induced by desertification in the Sahel (Coiner, 1980).
Soil moisture is another indicator of the desertification
process and may be identifiable and quantified by remote sensing
techniques (Hady, et.al., 1979). Temporal analysis of remote sensing
data is the most reliable technique for detecting variations in this
indicator. Using the spectral reflectance coefficient albedo) of two
scenes, Vinogradov (1976) found that the value of this coefficient is
inversely proportional to the projected vegetation cover at decreased
soil moisture and increased concentrations of dust.
Otterman and Fraser (1976) snowed that a common feature of tne
three indicators is that the degradation of arid lands tends to
increase the amount of light reflected from the land. They developed
a method for computing the albedo Aaercentage of incident radiation
reflected from the terrain) from Landsat data. Their method, however,
needs an atmospheric correction that requires meteorological data at
the time of the acquisition of the scene. Robinove et al. (1981)
developed another method to compute the albedo that requires no
ancillary information, and is oased only on Landsat data. The albedo
is computed for two scenes of the same area acquired on two dates
significantly spaced. The difference of the aloecios snows the areas
where the albedo decreases or increases between the two dates. Thomas
(1985) snowed tnat the aoove analysis while very useful for detecting
changes in the landscape, does not fully account for extrinsic
environmental factors that may affect albedo change. He developed a
model where tie compared the actual reflectance of a landscape to a
predicted one derived from a linear regression of reflectance from
one scene against a successive scene. The result of the procedure is
a residual difference image that is related to surticial changes in
the landscape.
Other studies related to the use of remote sensing techniques
to monitor desertification are available. Some of these studies use
statistical analysis and, or classification techniques while others
snow the contribution of the visual interpretation of areal and
spatial images ;Walycer and Rooincve, 1981).
Conclusion
The surveyed literature reveals that tne use of remote sensing
in studies dealing with desertification started gaining the attention
of scientists in tne 1970s. Most of the studies focused on the
African Sahel, and very few were concerned with other arid regions.
Fsrom this general impression, it is interesting to apply remote
sensing techniques to study desertification north of the Sanara
desert, where the problem is becoming more serious and is threatening
tne local ecosystem. In sucn an environment a field survey may be
very difficult, especially when accurate topo9raphic maps are
lacking. Even when it is possiole: a field survey of desert patches
and their general evolution takes a great amount of time, while
remote sensing data provide tne information over a relatively snort
period of time.
Satellite images seem to be one of the best types of data that
can oe used to map and monitor desertification. Their spectral nature
provides information that can not oe found on panchromatic
photographs. The repetition of data acquisition temporal resolution)




Morocco is locatea at the northwest corner of Africa between
latitudes 21 oegrees N and 36 degrees N. The Strait of Gibraltar
separates it from Europe. Algeria borders Morocco on the east anj
much of tneir common frontier is desert (map 1). Morocco's coast
extends nearly 3000 in (1800 mi) along the Mediterranean Sea in the
north and tne Atlantic Ocean in the west.
Topographically, Morocco is divided into coastal and inland
plains in tne northwest ano mountains and plateaus in the, east and
south ifiap 2). The coastal and inland plains are separated from the
interior by two high ranges of mountains (Atlas Range) that reach an
altitude of 41.65 meters above sea level. The coastal plains are the
most densely populated and economically well developed. Morocco's
major cities are in this area.
On the otner sloe of the Atlas mountains, Eastern Morocco
consists of a series of semiarid to arid plateaus gradually dropping
into the Sahara Desert in the south and soatneast. Population centers
are located mainly in the oases along the Draa and Ziz Rivers, a
region with degradable calcareous or leached soils in which
cultivation has been extended into an area of very low rainfall (less








































MAP 1: Morocco: General Map and Location
Source: Division de la Cartographie, Morocco, 1981
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Morocco is divided into six distinctive geographic regions ;map
2) 1) The Mediterranean coastal massif (Rif), 2) the High and
Middle Atlas ranges, 3) me Plateaus of eastern Morocco, 4) the
Coastal Plains and Plateaus west of the Atlas range, 5) the
Pre-Saharan region includino the Anti-Atlas range, and 6) the Sahara
in the south and southwest. Each of these regions has its particular
geograpnical characteristics. Geomorphology, climate, drainage
pattern and rivers, economical factors, ecology, and population
concentration and density are specific to each one.
The Rif massif is a chain of mountains that parallel the
Mediterranean coast east of the Strait of Gibraltar. Although the
mountains are relatively low in elevation (2400 m above sea level),
erosion is very active and has created deep ravines especially in the
northern slopes seaward) which are devoid of vegetation. The
southern slopes, in contrast, are forested. Few rivers develop in the
Rif range, and some of them. flpw into or are trioutaries of rivers
that empty into the Atlantic.
The High Atlas and Middle Atlas form a diagonal barrier
dividing Morocco into two climatic zones. On the west side are
regions that receive the westerly winds and orographic precipitation
produced by the adiabatically cooled air from the Atlantic. On the
East are regions of dry climate influenced by adiabatically warmed
air (rainshadow of the leeward slopes). The peaks of tne High Atlas
reach more than 4330 meters and are snow covered year round. The
neadwaters of most streams are in the Atlas mountains. Some of them
flow into the Atlantic and therefore cross the western plains; others





































MAP 2: Geographic Regions of Moroccn




The eastern plateaus region lies between the Middle Atlas and
Algeria. It is a steppe area characterized by a continuous tableland
with an elevation above 1000 meters. The Moulouya River crosses these
plateaus and flows into the Mediterranean Sea.
The western plains and plateau region is considered the richest
area of Morocco. It contains most of the urban areas as well as
economic activities. The Rnarb plain is the richest agricultural area
in Morocco, supportea by the Sebou River. This plain broadens into
another rich agricultural area in the south, tne coastal plains.
Inland two major plains, Tadla and Haouz, are respectively supported
oy the Oum-Rbia and Tensift Rivers.
The Anti Atlas range is clearly separated from the High Atlas
only in the westernmost region by the Sous Valley. The range has no
high peaks and most of it has an appearance of a high and denuded
plateau which gradually drops to the pre-Sanaran region in the east.
This area is a rocky desert Known as Hamada and has an elevation
between 500 and 1000 meters above sea level. To tne south is a rocky
and sandy steppe with an elevation between 200 and 400 meters above
sea level. '6otn areas form the pre-Sanaran region which is
characterized oy narrow valleys formed by rivers descending from the
Atlas. 3ases are found in the alluvial lands in the valleys where
date palms constitute the principal agricultural production. More
iecently, other crops have been introduced. Sand dunes of the Sahara
desert reach into this region of Morocco.
The Atlas and R f ranges have an important role in the climate
of Morocco and separate the western part from the eastern part of the
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MAP 3: Climate of Morocco
Source: Ministere de la Planification, Morocco, MAROC EN
CHIFFRES, 1985
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bring snow and rain to the western flank of the mountains and tne
plains, and very little to the eastern steppes. The summer 1J
uniformly not and dry with tne exception of the Mediterranean coast
where it is humid and the mountains where it is cooler. In general
less than 20% of the precipitation occurs in the summer as violent
storms.
The climate of east and southeast Morocco is desert, because of
the influence of the Sahara. It is further aggravated by the effect
of the Atlas rande which forms a diagonal barrier to the humidity
coming from the ocean. The desertification problem appears in those
regions. The provinces of Duarzazate and Errachidia, located in the
region, are particularly affected (map 4).
Presentation of the Study Area
This study covers the province of Duarzazate (map 4). It is
situated south of the High Atlas mountains and has an area of 41550
sq km, with a population of 572,000 inhabitants (1985 estimate) or
2.6% of the total population of Morocco. Most of the population is
rural; agriculture and mining are the main activities. Silver,
copper, manganese, and lead are the mining products of the region.
Date Palm and barley are produced in the Draa River Valley, recently
wheat and vegetables were introduced. The northwest area of the
province is covered by the High Atlas forests.
Modern irrigation techniques were introduced in the region more
than twenty years ago. A dam was built on the Draa River, creating an
irrigation reservoir. The deterioration of the land in the region is
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MAP 4: ProvincesofNorthern Morocco





fragile ecosystem. The rising needs of the growing population forced
tne introduction of grain cultivation, the extension of the raising
of livestock into forested areas, and the use of natural forests for
firewodds. The result of these activities is an uncontrolled
deforestation which increases the degradation of the environment. In
1985, grazing lands in the region were estimated to cover more than
10 million hectares which supported about 4 million sheep. This is
considered a very high stocking rate for such an ecosystem (United
Nations Environmental Programme, 1985).
The situation is all the more aggravated by forest fires which
destroy an average of 1000 hectares every year. Inappropriate
cultivation practices and crops add to the degradation by
accelerating water and wind erosion and now shifting sand dunes are
threatening irrigation canals, roads, and cultivated lands. Improper
use and drainage of irrigation water leads to an increase of the
salinization of the soils. Salt deposits are easily visible in the
fields. The introduction of some types of crops like wheat seems to
be inappropriate for the region and contributes to the deterioration
of the soil. Physically the phenomenon of desertification is
recognizable toy the fact tnat lands that were once cultivable became
sterile and bare and are covered by sand and/or salt.
As in the other countries of the region, anti-desertification
measures are under way or planned for the near future. These measures
are centred on the control of water and soil erosion, reforestation
and forest protection, and principally the protection of oases from
sand invasion by the stabilization of snifting sand and sand dunes.
18
:tors
The Moroccan Sahara is part of the African Sahara desert
commonly known as the largest in the world (Map 5). Its existence is
primarily a consequence of the prevailing wind circulation of the
subtropical anticyclon c system ,Rumney, 1968).
Two types of climate cover southern Morocco according to the
Koppen classification. The southernmost region is the Sahara desert
and corresponds to the tropical and subtropical desert class (B
Wn).
North of the Sahara is the tropical ana subtropical steppe BShi.
The semiarid subtropical steppe :short grasslands) is a
transition area separating the Sahara from the more humid regions in
the north. The precipitation in this region is variable from ye
ar to
year and is of frontal origin associated with subtropical cyc
lonic
storms. Nearly all of it occurs in the cool season winter). Most 
of
the year, however, dry air masses generated by subtropical
 high
pressure dominate. Since rainfall is concentrated in the winter,
evaporation
precipitation,
is consequently less important, and the amount of
although small, is effective for plant growth. This
regime of rainfall is caused by the circumpolar westerlies in winter,
with their moving low pressures. The dry summer season is 
caused by
high pressure and subsidence between the Azores and Berm
uda which
produce an almost permanent north-easterly airstream over the western
Sahara.
A change in temperature occurs with the precipitation, and 
the
region feels the effects of polar air masses. The range o
f
temperature between winter and summer is about 20 to 30 degrees E.;
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MAP 5: Desert in North Africa
Source: Runicy R. G.,Clinntalow ad the iNtrld's CLinntesj (McMillan OJTEriy, 1%9) : 433
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temperatures are almost never reached, Out snow accumulation on the
peaks of the Atlas mountains has a chilling effect over the region
during the winter months.
Like other arid areas, southern Morocco is a windy region. The
existing sparse vegetation has little or no effect on the moving air.
In general the wind is the result of a strong convectional
overturning generated oy the heating of the lower atmosphere during
the daytime. The interchange of lower and upper atmosphere tends to
accelerate horizontal surf ice wind currents when the convection is at
its maximum (Trewartna, 1954).
Landscape and Landforms
In all types cf-. desert or steppe climates, eolian and water
erosion are important factors in the formation of landform features.
The erosive effect of tne wind involves two processes: abrasion anj
deflation. Abrasion is the blasting action of the sand blown by the
wind. During sand storms, wind abrasion may oe very effective but
occurs at ground level. Deflation, the removal of soil materials,
such as sand, by a lifting and rolling action, is the major factor in
the formation of sand dunes.
Water erosion can oe very important in an arid/semiarid
environment. Rains usually in storms of short duration, drop water on
the soil faster than it can absorb. The soil in tne low areas,
generally of fine texture, puddles with the contact of water
decreasing its permeability and increasing surface runoff. The
results of these effects are rapid soil erosion and serious flash
flooding. Drainage patterns are ephemeral (active only during
21
precipitation, poorly developed and relatively coarse. Rivers,
however, have very vigorous action especially in desert torrents and
are responsible for the corrosion of the soil resulting in deeply
incised drainage channels.
The iioroccan Sahara, known as Hamada, is a rocky desert where
buttes and residual hills separate regions of broken rocks. In the
south, tne landscape is a rugged plain called Reg. To the east, sana
dunes (Erg) are more frequent especially in small dune fields.
CHAPTER IV
DESERTIFICATION PROCESS IN SOUTHERN MOROCCO
Desertification process is the result of human activities and
natural phenomena. Natural elements-- such as winds, droonnt,
thunderstorms-- have an important role in the process.
.;,atural Factors
Effects of the Wind
In summer an easterly wind, called Chergui, blows through the
region. It is a hot, high velocity wind coming from the Sahara. It is
the main agent in sand and dust transportation, and constitutes a
serious danger to the vegetation cover in the valley. In winter a
westerly wind called Gharbi plows. It is a very cold wind with
relatively small deleterious effect.
In arid lands such as southern Morocco, the transportation and
deposition of sediments is mainly the result of eolian activity. Fine
particles of the soil are segregated by water erosion and oecome
vulnerable to wind transport. The ablation of these particles
progresses downwind with an increasing severity as pouncing soil
particles strike other particles in a kind of snowball etfect. Fine
particles are carried away in the air as dust, while coarse particles
drift on the surface until they are stopped by plants and accumulate
as small dunes. High velocity sand drift often destroys young crops
22
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oy tne blasting impact of moving sand. Hot winds coming from the
Sahara increase the effect of the wind in the desertification process
by attacking young plants and changing the environmental conditions.
Wind, mainly the Chergui, has also its effects on humans and
animals in the region. It is because of this wind that people usually
cover their face to protect them. Eye and lung disease are frequent
and are directly related to the wind.
Effects of the Drought
Climatic boundaries in southern Morocco are subject to
short-term shifts corresponding to sequences of dry or lean years and
humid or fat years (the shifting of the Sahara High). The droughts
occur naturally and are part of the desert margin climates (Hare,
1977).
Such fluctuations disturb the ecosystem, and combined with
human activities lead to desertification after a prolonged period of
drought. Southern Morocco has experienced two drougnts in the past
twenty years. The first one was during the Sahelian drought of
1968-1973, the second occurred between 1978 and 1983. The Sahelian
drought, however, did not affect the region as badly as did the last
one. The lack of rain and subsequent lack of moisture in both the
soil and the air led to relatively great damage to the existing
vegetation. This drainage combined with overgrazing made conditions
favorable for wind erosion.
Drought in itself is not the direct cause of desertification.
However, when combined with specific uses of the land, it can
facilitate the outbreak of desert patches. Drought occurs in southern
Morocco almost in cyclic order (Hare, 1977). The last ones were more
harmful because of inappropriate land use practices by man.
Inadequate irrigation and introduction of some types of crops such as
wheat and vegetables were not suitable for the type of soil and
climate of the region.
Effects on the Nature of the Soil
After a period of drought, the vegetation is reduced and ground
surface is exposed. The first consequence of these conditions is the
decomposition of humus and the loss of soil structure. Rain, usually
occurring witn thunderstorms, falls on a bare soil and puddles the
surface which forms a crusts when baked in the sun. This reduction in
soil permeability consequently increases surface run-off and erosion.
Removal of topsoil materials means the loss of the most fertile and
nutrient filled part of the soil and exposure of infertile subsoils.
The decrease in the permeability of the soil means less water
infiltration, thus the groundwater table drops, and therefore less
moisture is found in the soil. These changes constitute a shift
towards a more hostile ecosystem for plant and animal as well as
human survival. The typical desertification process, therefore,
constitutes the following: a) removal of native vegetation, which
leads to a change in environmental conditions; b) introduction of new
crops and practices; c) mismanagement of the land including over or




Land Use and Tecnnology
In agriculture, technology is introduced in order to increase
land productivity. Often its introduction in developing countries was
instigated by a particular aspect of economic change without thorough
consideration of the consequences on the ecosystem and environmental
factors. In the desertification process, the effects of technology
vary with the type of land use in the region. The extension of
cultivation into marginal climatic areas can lead to land
degradation. This happens when new land is
during a rainy cycle. When drought occurs, the
and is abandoned. Wind erosion takes place and
land begins.
The increased pressure by humans and animals on grazing lands
has the same effects. High stocking rates due to the improvement of
health services, increase the pressure on already limited land
resources and accelerate the desertification process. Irrigation,
when not properly applied, causes salinization and waterlogging. The
use of too little water or saline waters or tne irrigation of
naturally saline soils results in salinization. Too much water,
overirrigation, results in waterlogging when the internal drainage is
poor and inefficient. In both cases salt deposition occurs and
contributes to desertification.
In conclusion, modern cultivation practices and new technology
permit a quasi-intensive agriculture in marginal areas which are not
cleared and cultivated
land is not productive
desertification of the
26
reaa'; for such activity. Furthermore, these changes take place with
inadequate consiaerations of values and basic management principles
and engender or accelerate land degradation. Imported technology
efficient over a short time, is proven to be narmful to the quality
of the soil. In general the sudden and severe disturbance of the
ecosystem by man's activities that may have a less pronounced impact
in other environments can, in this environment, accelerate the
degradation of the land and its desertification.
Man-Made Climatic Changes
It is argued that man's activities are not the prime causes of
any general change of drylands climates J.N. Conference on
Desertification, 1977). But microclimatic variations are among the
ecological changes resulting from such activities.
Degradation or removal of vegetation exposes soil to wind
erosion and ennances its effects. Because of lowered infiltration
capacity, the surface runoff increases and becomes an important
factor in erosion. The result is an inarease of the albedo, proaucing
the development of desert patches. As the number of these patches
increases across large areas, they may initiate a feedback process,
which affects the large scale atmospheric motions and climates.
The wet years / dry years successions, typical of arid zones,
govern human activity in these regions. During the wet years, a
general increase in cultivation and grazing takes place. When drought
occurs, the physical weathering of the soil by animals exposes
surface soil to wind erosion, especially topsoil. The loss of plant
cover substantially increases evaporation and reduces water storage.
CHAPTER V
REMOTE SENSING TECdNIQUES AND APPLICATIONS
Introduction
Remote sensing refers to the process, qualitative or
quantitative, where the sensor is not in direct contact with the
target. Remote sensors detect different levels of radiation that are
emitted, reflected or transmitted by the target itself. The radiation
levels are then recorded on photographic film or as digital values
which can be interpreted by the analyst.
Many types of remote sensors are designed to detect and record
different types of radiation available from the electromagnetic
spectrum (figure 1). In general, remote sensing of natural resources
is based on the use of the measurement of radiation in predetermined
wavelengths to recognize patterns ana features of the landscape. The
two fundamental problems of remote sensing are then the acquisition
and the analysis of the data.
Figure 2 illustrates the interaction of radiation - atmosphere
- earth, and the acquisition process from different platforms.
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Figure 1: The Electronturtic 54ectrun
3curice: Lillesand / Kiefer, Remote Sensing and Image lz tion,





Figure 2: Solar Radiation and Acquisition Principle
Source: Ford Kristina, Remote Sensing for Planners,
(The University of New Jersey, 1.719): 3
(A): Source of radiation which can be natural (sun)
or artificial
(B): Emission of the energy through the atmosphere
(C): Interaction of the radiation with the earth-
atmosphere system (reflection, absorption,
diffraction, etc....)
(D): Recording of the radiation by appropriate
sensors
The majority of the sensors used in remote sensing of
environment records data in the visible and near visible parts of the
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electromagnetic spectrum. The data can be photographic subsets or
digital data, depending on wnetner the sensor is a conventional
camera or a scanner. Data acquired by multispectral scanner represent
the amount of the reflected or emitted radiation in each of a set df
preestablished bands.
Aerial Photographs
Data acquisition results from the detection of radiation, which
can oe recorded on photographic emulsions. Aircraft are used as
platforms for airborne cameras.
Aerial photographs are differentiated by the type of camera and
the film used, and by the scale. Other characteristics such as
spatial resolution, resolving power of the lenses, resolving power of
the film are used to classify them. They can be grouped into
different classes depending on the cnaracteristic(s) considered.
Thus, photographs can be panchromatic, black and white infrared,
natural color, or color infrared. Each of these may be vertical or
oblique, and of large, medium or small scale.
The acquisition process is the same for all photographs and
consists of chemical reactions of the emulsion caused by the
variation of the energy in the landscape within the spectral band to
which tne emulsion is sensitive
Dine of the principal advantages of aerial photographs is the
stereoscopy. A pair- of successive overlapping photos along the flight
line constitutes a stereopair. When viewed with a stereoscope, this
pair produces the third spatial dimension - elevation. Topographic
maps are produced by the use of stereopair of such aerial
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photographs. Thematic maps related to earth sciences may be prepareo
oy photo—interpretation. The analysis of stereopairs is so important
in geology and geomorphology that a new discipline, photo—geology, is
developing. Crop identification, harvest prediction, plant disease
control, water stress, and soil mapping, are a few of the operations
where aerial pnotographs are routinely used. Infrared emulsions have
proven to be very helpful in forestry and hydrology.
Orbital and multioand photographs have alsc been used for
thematic studies. Oroital photographs refer to those taken from
spacecraft. Multibands are acquired by multispectral cameras.
Aerial photographs, very useful for some applications, have,
however, some qualitative as well as quantitative limitations.
Emulsions are sensitive to only a part of the electromagnetic
spectrum between the ultraviolet and near infrared radiations.
Temporal analysis, which is the interpretation of two or more photos
of the same area taken on different dates, is very difficult since it
is almost impossioie to carry out a photographic mission under the
same atmospheric and spatial conditions as a previous one. In
monitoring desertification, aerial photographs constitute a precious
source of data especially for large scale surveys. Soil and
vegetation,
mapped.
the two main factors in such studies, can be accurately
Multispectral Scanners
Multispectral scanners image the same landscape at various
spectral bands. Instead of recording on photographic emulsions using
specific filters, multispectral scanners record the data in digital
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form which can be processeA to produce multispectral images. As their
name implies, multispectral scanners detect and record the reflected
or emitted energy in several parts of the electromagnetic spectrum.
They are classified into two categories depending on the detecting
mode:
-Cross-Track Multispectral Scanner. It has an oscillating
mirror than scans the landscape. The Landsat MSS is of this type.
-Along-Track Multispectral Scanner. This type of scanner
make the image by the displacement of the platform. The SPOT HRV is
of this type.
Important features of scanners are the number of the bands, the
width of each oand (radiometric resolution), the parts of the
electromagnetic spectrum to which they are sensitive, and the pixel
size spatial resolution). Temporal resolution is determined by
orbital characteristics of the platform. Spectral characteristics of
some scanners are presented in Table 1.
Landsat 1,2, and 3 carried two imaging systems, a multispectral
scanner (MSS) and a Return Beam Vidicon camera (RBV). Landsat 4 and 5
besides having the same MSS also have the Thematic Mapper scanner
(TM).
The REV system acquire panchromatic images (0.50 to 0.75
micrometer) with 40m ground resolution. The optical system is similar
to that of regular camera, but it does not use a sensitive film. The
images are electronically recorded like a television system.
The Advanced Very High Resolution Radiometer (AVHRR) is the
imaging system carried by the polar-orbiting environmental satellites
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is a cross-track multispectral scanner with 1.1 by 1.1 km ground
resolution. It nas one spectral band in the visible, one in the near
infra red, and three bands in the thermal infra red.
SPOT satellite carries a High Resolution Visible scanner (HRV).
It is an along-track scanner focusing the image on linear arrays of
charge-coupled detectors (CCD). The HRV can operate either on
multispectral or panchromatic mode or both. Multispectral bands are
similar to those of Landsat MSS. SPOT satellite has in addition an
oscillating mirror which can be used to record off nadir images in
order to have stereo pairs.
Earth Observation Satellites
Orbital satellites overcome the aerial limitations and provide
a valuable platform for cameras and scanners. Earth observation began
with the first American meteorological satellite TIROS 1, in the
early 1960s. Photographs taken from Gemini and Apollo contributed to
the advancement of knowledge for spatial remote sensing. Most
significant studies, however, began with the use of Landsat and
Skylab data. Table 2 gives a classification of some of the satellites
oased on whether they are manned or unmanned.
Conclusion
The sensors described are used in monitoring desertification.
The physical indicators of the process can be easily identified on
aerial photographs as well as multispectral images. The spectral
characteristics of the soils and vegetative cover in the visible and
Infrared parts of the electromagnetic spectrum can be used to
35
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Table 2: Manned and Unmanned Satellites in Remote Sensing
Source: Adapted from Barrett and Curtis, Introduction to 
Environmental Remote Sensing, (Chapman and Hall,
1976): 93
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separate these two features. Usin the tone, the color, the texture,
the structure, and the spatial arrangement it is possible to
difterentiate some types of soils and to classify them upon their
moisture content.
Large and medium scale photos are used to map land use and soil
characteristics at very large scale. Orbital images give synoptic
views of the areas concerned and therefore it is possible to have a
more comprehensive view of each of the parameters within the
landscape, and to understand the relationship among them.
Multitemporal analysis of the images is used to learn the
evolution of the phenomenon and its effects on the environment. Two
or more images of the same area acquired under the same atmospheric
and geometric conditions, and on different dates can be used to map
the desertification in each date. The comparison of the results snows





Desertification is a product of climate, soils and water, and
exacerbated by inappropriate land use patterns and practices. The
degradation of land resources means lower productivity and desert
encroachment.
Some of the indicators associated with aesertification can be
studied using remotely sensed data. Images and pnotographs give
synoptic views of a given area and constitute a permanent record of
the conditions of this area.
The province of Ouarzazate is a hilly region of the Pre Saharan
plateau. The Draa is the only river in the entire basin. In the
northern part, the Mansour Danbi Dam has formed an irrigation
reservoir for the valley and holds back the water which once flowed
and disappeared in the Sahara. jutside the valley the rocky landscape
oecomes a steppe forest with tne Sahara in the south.
Pnysical Characteristics of Arid Lands and Deserts
The generalized spectral reflectance curves (Ford, 1979)
:Figure snows the radiometric response reflectance) of
vegetation, water, and soil.
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Figure 3: GerucaLiz2d 4ce1:ral Calks
Sozze: Adapted from Jensen R. John, introductory
Digital Image Processing, (Prentice-Hall,
1985): 159
The reflectance of the vegetation is medium in the green oand,
low in the red band, and high in the reflected infrared. Water has a
relatively high reflectance in the areen band, and a very low
reflectance in me other bands. The soil reflectance curve is almost
constant in tne visible and reflected infrared parts of the
electromagnetic spectrum, which means that it reflects in the same
way the corresponding radiations.
In arid and desert environments barren soil is the most common
feature of the landscape. By contrast any otner feature can be easily
identified as well as changes occurring in barren soil.
The correlation table (Table 3) of information in Landsat MSS
bands for a desert scene Otobinove et al., 1981) confirms the
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interpretation of the reflectance curves. In a desert scene, the
correlation matrix snows a high correlation between all four MSS
bands. This correlation eliminates the effects of multispectral
crossover in data, which is prevalent in scenes covering humid
regions. The crossover relates to the fact that the same feature has
a high reflectance in one band and a low reflectance in another ;e.g.
vegetation in band 5 and 7).
Band: 5 6 7
4 : 1.000
5 : 0.974 1.000
6 : 0.959 0.974 1.000
7 : 0.932 0.947 0.969 1.000
Table 3: Pairwise correlation of
MSS bands for a desert
information in
scene
Source: Robinove et al, Arid Land Monitoring Using
Landsat Albedo Differences Images,(Remote
Sensing of Environment, 1981): 134
Selection of Data and Time Period
Scientists and remote sensing specialists agree that systematic
observation of the earth surface is one of the most important
advantages of spatial remote sensing The polar or near polar orbit
of the satellite allows the acquisition of data periodically and
under the same conditions of observation. This periodicity introduces
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a temporal dimension which can be used to detect changes in the
landscape between two dates of reference. The temporal aimension is
used in remote sensing to ameliorate the classification techniques by
introducing temporal variations relative to each class. However, this
dimension needs to be used carefully and necessitates some
preprocessing in order to have radiometric and geometric
superposition of the scenes used, especially for aigital processing.
Temporal analysis is necessary to map the evolution of
desertification. Two Landsat scenes were selected covering the region
studied (Map c,. The selection was based on the availability of the
data from ERDS Data Center (Sioux Falls, South Dakota), and the dates
these scenes were taken. The first scene was taken in February 11th,
1976 by Lanasat 2. It is identified by path # 216 and row # 39 on the
Index to Landsat Worldwide Reference Systems (WRS) for LAndsat 1,2,
and 3. The second scene was taken in April 15th, 1985 by Landsat 5.It
is identified by path # 201 and row # 39 on the WRS for '-andsat 4,
and 5. Because of the change of the orbit of the two generations of
Landsat, the two scenes do not cover exactly the same area as shown
on map 6. Both scenes have 0.0% cloud cover. They both represent an
after drought period and the desertification was a threatning problem
for the region. The vegetative cover in both dates is well developed
and can De discriminated from barren soils. The ten years period
seems to De representative enough to map the evolution of the
process.
The reflectance curves (Figure 3) and correlation matrix of MSS
data show that barren soil can be discriminated from other features












































water, vegetation, and soil in each of the four scenes of MSS, snows
the following. 1) In the infrared band (band 7) the vegetation nas a
high reflectance and is almost the same as the soil. It will not be
easy to differentiate between them by using only this band. The water
has a very low reflectance in the infrared and since water bodies are
not extensive in size in such areas, it will not be possible to
identify them. 2) In the other infrared band (band 6) the reflectance
of the vegetation has a very sharp slope and is intersected almost in
the middle of tne slope by the soil response curve. This could lead
to a confusion in the identification of soil and vegetation. The
.7,ater response is also very low as in band 7. 3) In the red band
(band 5) the vegetation has a low reflectance showing a high
absorption of the red radiation by vegetation. The water has almost
tne same reflectance. The identification and discrimination of the
features will not be very accurate. 4) In the green band (band 4)
water,vegetation, and soil have relatively high and distinctive
reflectances. When using only one band of the MSS to identify these
tnree features, it seems that the green band is the best. In the
present study the green band of MSS is chosen for both dates.
Method of Interpretation
The raw images are interpreted in order to map desert areas. A
comparison of the maps will show the increase and/or decrease of
desert patches in the region.
Interpretation of the images is based on photo-interpretation
principles, spectral particularities of tne landscape features, and a
general knowledge of the area. No field check or ground truth is
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gathered tor this study. It is rather an approach to test if it is
possible to identify desertification with only remote sensing data in
order to minimize field survey and ground truth which are expensive
and difficult.
Based on the spectral properties of soil, water, and
vegetation, a visual interpretation of each image is created. The
results allow for the production of a map showing the desertification
process for each date. According to the reflectance curves, the
darkest features represent the vegetation cover, the other shades of
grey represent the soils and water. Besides the grey tone, water is
recognized oy its shape. The dam and the river are easily
identifiable. The brightness of the soils which varies from dark to
very bright grey, reflects either their type and/or their moisture
content. The brightest spots are very dry soils and their texture
leads to classify them as sandy areas. This type of soil is mapped
from each image. The two maps are then compared in order to show the
increase and decrease of desert patches during the period 1.976-1.985.
Once the sandy soil is identified and mapped on each image, a
comparison of the two resulting maps gives the changes related to
desertification occuring between the two dates. These changes may
reflect an increase or a decrease in desertification. From each of
these maps, the extent of the sandy areas is established and the
increase and/or decrease of desertification is computed using a grid.
The outer boundaries of the images utilized are not exactly the




The images (number 8238510150500 in 1976, and number
3504101028.3x0 in 1985, green band) presented in this study (Figures 4
and 5) are originally of better quality. They lost much of this
quality during the reduction and xeroxing processes. The maps (Map 7,
3, and 9) and the ima7es have an original scale of 1/500,000. They
nave been reduced to their present format for publication purposes.
Desertification in 1976
The original image shows the landscape in d'ifferent grey tones.
This difference in tone corresponds to different features. Figure
4
In the northwest the bright area depicts sandy soils. The
Mansour Danbi Dam and tne Draa River are both identifiable by tneir
shape. The water nas a high reflectance in the green band and because
of that the river is bright. The fact that the water in the dam is
dark expresses that it is a turbid water or that it has a large
amount of aquatic vegetation. On both sides cf the river the dark
areas represent the valley which contains vegetation cover and
relatively nigh chlorophyll. All along the valley some bright spots
represent the shifting of the sand into this area. In the middle of
tne image the coarse landscape with a dark grey tone represents the






the west the circular feature is a Senkna smooth flat saline
depression, sometimes occupied oy a shallow lake after a rain. The
Senkna is a geomorphologic structure characteristic of the north
African desert). Its brightness is due to the sand and / or salt
deposit. Soutn of the Reg, a hilly linear feature crosses the image
almost east-west. It is a denuded rocky chain of mountains. Finally
in the south of the image, a region of large sand bodies (Erg) is the
main feature and constitutes the beg ining of the Sahara desert.
The elements of this image show the following (Map 7): 1) The
sandy area in the northwest is threatening the dam which provides the
irrigation water for the valley and the drinking water for the city
of Juarzazate and villages of the region. It is also threatening the
vegetation and crops in the valley by the transportation of the sand
by the westerly wind. 2) In the northeast significant desert patches
are advancing towards the valley and constitute a danger for the
vegetation and the soil. These advances are occurring on both sides
of the valley under the effect of the wind. Changes in the nature of
the soil are occurring also as a result of mismanagement of the land.
3 In the middle and the south of the image the large sandy expanses
constitute a reservoir of sand which can be transported ny the wind
towards the valley.
The total sandy areas is approximately 6800 sq.km and
represents approximately 20% of the area covered by the image which




The original image (Figure 5) snows the same features as in
1976, and the map produced by its interpretation shows sandy areas
(Map 8).
As in 1976 the sandy area of the northwest is large and is
threatening the dam. In tne northeast sand deposits are significant
and are advancing toward the valley. In the west the Sebkha is the
main feature of the landscape. The Reg area in the middle of the
image is represented by a coarse texture showing its rocky and sandy
nature. In the south the Erg reaion is the main feature of the
landscape.
The total sandy area is approximately 8000 sq.km, representing
approximately 24c.t of the area covered by the image which is 34000
sq.km.
2nanges: 197 / 1985
Many changes in the study area occared during this period (Map
9). They represent the increase and decrease of sand deposit in the
entire scene.
To the north cf the study area the increases and decreases of
sandy areas are about the same. Spatially a decrease occurred near
tne valley. This decrease may be related to the operations of
desertification control and prevention undertaken by the authorities
in the valley area and near the dam. However, some increase in
desertification occurred in the valley and is related to the
advancement of the desert. This increase expresses the fact that
• •
Figure 5: Landsat Image (Path /;2014. Row
Taken on April 15th, 1985
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wnile some areas are being protected, other regions are destroyed by
human and natural factors. It also expresses the fact that the
monitoring operations are lacking some spatial integrated approach
and are :done on irregular basis.
To tne south tnere is more increase than aecrease. This change
implies that the Sahara desert is gaining northward. It is the result
of tne deforestation that has taken place in the mountains of the
central region, leaving the wind free to transport the sand and to
erode tne topsoil.
The increase represents approximately 23JJ sq.km, while the
decrease covers an area of 1200 sq.km. More tnan 70% of tne decrease
and 28% of the increase occur near the valley. The remaining changes
occur in the other parts of the area.
The quantity of water in the dam is less in 1955 than in 1976,
which is predictable after the severe drought period that the region
experienced between 1978 and 1983. These results imply that the
current anti-desertlfication programs have been successful in some
areas, while in other areas tne desert is still encroaching.
CHAPTER VIII
CONCLUSION
Visual interpretation of Landsat .1"SS data can be used to
identify desertification over a large area. The green band used in
this study proved to De very efficient in the identification of
barren and sandy soils. The comparison of the two maps, produced by
photo interpretation, results in a map showing changes related to
desertification. These changes are all radical. Less significant
changes in both areal extent and spectral response could also be
detected. However, because of the resolution of the MSS (30 meters,
it is impossible to detect very small environmental changes. Better
resolution is necessary in order to identify these changes. It is
also not possible to detect the causes of these changes simply by
using visual interpretation of MSS data.
Remote sensing data are very valuanle in the study of
desertification in areas such as southern Morocco (nortn of the
Sahara). Accurate maps are lacking and terrain access is sometime
very difficult. Satellite images provide an alternative to both
situations at a relatively low cost when compared to ground
monitoring methods. Although there is a loss in accuracy when using
MSS data, there is the advantage of giving an all encompassing view
of the region and therefore they are useful for locating areas of
desertification. For more accurate surveys the imagery'could be used
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in conjunction with other data and methods. The most efficient
approach would be to use MSS aata to detect areas where the terrain
has changed, and to utilize data with higher resolution and ground
truth to identify the causes of :mange.
Despite its limitations, the green band of MSS can assist in
the detection of changes within a valley area. These cnanges reflect
the desertification process to which the local fields are subject.
These findings will help in the determination of the areas to oe
surveyed at larger scale. The spectral particularities of the green
band of MSS make the use of this band very efficient in the study of
desertification in hot deserts. Studies such as this one are vital
for future monitorind and management projects and allow for an
integrated approach to the phenomenon of desertification.
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